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Abstract: Natural gas hydrate refers to the crystalline compound formed by the 

interaction of methane or other hydrocarbon gas and water. It is also called 

"combustible ice". Non-diagenetic NGH crushing is usually composed of natural gas, 

sea water, sand minerals and other substances of various phases. In order to study 

the movement situation and trend of sand particles in the simulated mining test device, 

this paper analyzes the stress situation of sand and particles in the pipe flow during 

the simulated mining, also the flow theory of seawater fluid in the pipe was analyzed. 

The horizontal pipe section of the simulation system was selected to conduct modeling 

and simulation of multiphase flow using FLUENT and EDEM simulation software. The 

movement of hydrate particles and sand particles with different diameters in the pipe 

flow was analyzed to obtain the movement law of sand particles in the pipe flow, 

which was the basis for the test and analysis of sand content in further searches. 
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1. Introduction 

Natural gas hydrate refers to the crystalline compound formed by the interaction of 

methane or other hydrocarbon gas and water. It is also called "combustible ice". As a 

new mineral resource, its huge carbon reserves aroused people's widespread concern 

in recent years. The amount of NGH on land is less than one percent of that stored on 

the ocean floor, most of which exist in a non-diagenetic state. Nowadays, a new solid 

fluidization mining technology is used to exploit non-diagenetic NGH in deep sea of 

south China. In the mining process, the non-diagenetic NGH layer on the seabed is 

broken and then the crusher is used for secondary crushing. Then the crushed slurry 

is transported to the pipeline and transferred to the offshore platform. The crushed 

slurry is usually composed of natural gas, sea water, sand minerals and other phases. 

As the sand in the pipeline may not only slow down the speed of delivery the hydrate 
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in the pipeline, may even block the pipeline, simulation analysis of multiphase flow in 

pipe is of great important for testing sand content in pipe flow. 

 

2. Theoretical Analysis 

2.1 Analysis of sand stress 

Particles are the most common basic components in multiphase flow, particles in either 

stationary or moving state are subject to equilibrium forces from the perspective of 

mechanics. In this paper, the motion of particles in the fluid is regarded as a function 

of time and space position, and the force acting on solid particles in the pipe flow can 

be divided into two types:  

The forces caused by the relative motion of sand particles in the pipe flow between 

hydrate particles and fluid medium; And forces not related to relative motion. 

Therefore, the resultant force exsist on sand and hydrate particles in the pipe flow can 

be expressed as: 

                                                               𝐹h = 𝐹𝑔 + 𝐹𝑏 + 𝐹𝐷 + 𝐹𝑣𝑚 + 𝐹𝑝𝑎 + 𝐹𝑆 + 𝐹𝑀 + 𝐹𝐵              (1) 

In formula (1), from left to right of the right hand side is gravity of particles, buoyancy 

of fluid to particles, drag of fluid to particles, false mass force, pressure gradient force, 

magnus force and bessett force. When solid particles move in the fluid, the resistance 

from the fluid is: 

                                                                                   𝐹𝑟 =
𝜋𝑑𝑝

2

8
𝐶𝐷𝜌𝑢𝑟

2                                                     (2) 

  ur—— the relative velocity between fluid and particle； 

  CD——the drag coefficient 

 

2.2 The governing equation for the fluid medium 

In computational fluid dynamics, the flow of the fluid should follow the three law of 

conservation, that is, the law of conservation of mass, momentum conservation 

equation and law of conservation of energy. 

(1)Law of conservation of mass 

All fluids must obey the law of conservation of mass during the course of flowing. 

According to Newton's first law, the physical meaning of this law is that the increase 

of the mass of a fluid element in unit time is equal to the net mass flowing into the 

element in unit time. Thus the expression of the fluid medium flowing in the pipe is: 

                                               
∂ρw

∂t
+

∂(ρwu)

∂x
+

∂(ρwv)

∂y
+

∂(ρww)

∂z
= 0                                          (3) 

define the divergence∇， ∇ · a⃑ =
∂a

∂x
+

∂a

∂y
+

∂a

∂z
,then  

                                                                        
∂ρw

∂t
+ ∇ · (ρw V⃑⃑ ) = 0                                                        (4) 
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ρ——  Density of sea water(kg/m3); 

t——flow time(s); 

u, v, w——the velocity vector of sea water in the x, y, and z directions (m/s). 

(2)Momentum conservation equation  

According to Newton's second law, the fluid medium in a tube must also satisfy the 

fundamental law of momentum equation conservation in the flow process. Which is 

the sum of the external forces on the fluid element is equal to the change of the fluid 

element with respect to time. The momentum conservation equation for a fluid can 

be derived from Newton's second law. Therefore, the momentum conservation 

equation in the pipe flow can be expressed by the following formula: 

∂(ρu)

∂t
+

∂(ρuu)

∂x
+

∂(ρuv)

∂y
+

∂(ρuw)
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=

∂

∂x
(μ

∂u

∂x
)+

∂

∂y
(μ

∂u
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) +

∂
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(μ

∂u

∂z
) −

∂p
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+ Su      (5a) 
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The above fomula 5 is the complete momentum conservation equation of fluid medium 

in the pipe, also known as navier-stokes equation, also as the equation of motion. 

(3)Law of conservation of energy  

The first law of thermodynamics is another quantity that must be observed in all 

systems in which heat exchange exists, it is described as: the increased flow rate in 

the tubular-flow medium element is equal to the sum of the work done by the surface 

force and volume on the fluid element and the net heat flowing into the fluid medium 

element.As there is a certain relationship between the internal energy I and the 

temperature T, the energy conservation equation with T as the variable is: 

                                                                
∂(ρT)

∂t
+ div(ρTu⃑ ) =  div (

K

CP

∇T) + ST                             (6) 

K——The heat transfer coefficient of the fluid medium,( W/(m2 · K)）; 

ST——Viscous dissipation term. 

Only the above energy conservation equation, momentum conservation equation and 

continuity equation be supplemented with an equation related to sea water pressure 

p and sea water density for calculation and solution. This equation is the equation of 

state: 

                                                            p = p(ρ, T)                                                                                    (7)  

 

3. Methods 

3.1 Establishment of simulation model 

In this paper, ANSYS 18.0 was used to establish the geometric model, and then import 

the geometric model into FLUENT for coupling calculation. 
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(1)Establishment of geometric model 

Considering the actual working conditions, this paper selected a section of 150mm 

long horizontal straight pipe for modeling. The materia of the pipe was plexiglass, and 

the inner diameter of the pipe was 38mm. The geometric model of horizontal pipeline 

established in ANSYS is shown as Fig.1 below. 

 

Fig. 1  geometry model diagram 

(2)Meshing 

 The pumping fluid domain was conducted during the geometric modeling of pipelines. 

Then the model is meshed with the fluent meshing module in ANSYS, where the 

quadrangle mesh is used for uniform meshing, with the minimum mesh size of 10 mm. 

Since the gradient of parameters varies greatly at the boundary layer, so the grid 

density at the boundary layer is divided a little closer than that at other places, and 

an expansion layer is set at the boundary of both ends of the pipeline in order to 

accurately describe these parameters. The Meshing diagram of the horizontal pipe is 

shown in Fig. 2 below. 

 

Fig. 2 Meshing diagram 

(3)Establishment of solid model 

EDEM is a professional DEM software especially suitable for solving particle flow 

problem, so it is used to model and analyze the solid particle flow in this paper. The 
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solid particles are mainly hydrate and sand particles, which are treated as spherical 

particles when the model is established. Due to the fact that hydrate particles have 

not been truly manufactured and synthesized in actual production experiments, they 

are replaced by ice particles in theoretical studies. Therefore, the parameters of 

hydrate solid particles in this paper are set as reference ice parameters. Meanwhile 

the materials of sand, hydrate and pipeline are set in EDEM, and the interaction 

parameters between solid particles and between solid particles and pipeline are alsoset. 

The interaction parameters b are shown in Tab. 1 

Table 1    The interaction parameters 

interaction 
coefficient of 

restitution 

Coefficient of static 

friction 

Coefficient of 

rolling friction 

sand—sand 0.2 0.5 0.2 

sand—pipeline 0.2 0.5 0.2 

sand—NGH 0.2 0.5 0.2 

NGH—NGH 0.2 0.5 0.2 

NGH—pipeline 0.2 0.5 0.2 

In order to judge the flow state of solid phase materials with different diameters in 

the pipe, different diameters of particles were compared in the simulation experiment. 

The diameter of hydrate particles was set as 3mm and 5mm, and each number of 

solid spherical particles was 10. Meanwhile the solid sand particles was set as 

diameters of 1mm, 3mm, 5mm and 8mm respectively, and the number of each sand 

stones is 10. The simulation model of solid spherical particles established in EDEM  is 

shown in FIG. 3 below. 

 

Fig. 3   Simulation diagram of spherical particles 

(4)Boundary conditions and parameter settings 

Import the grid file into Fluent software and then check to make the model size 

consistent with the geometric model size in EDEM. Meanwhile pressure base solver 
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was selected and transient calculation method was selected. Then, the gravity 

direction in FLUENT was set to be the same as that in EDEM. The boundary condition 

inlet is set as the velocity inlet, and the outlet is set as the pressure outlet 

In EDEM, the interaction between particles and particles, between particles and pipes 

is set as a non-slip model. The euler model and Fluent are selected for coupling, and 

the resistance model is set as the free flow resistance model. 

 

3.2 Particle motion simulation 

At the initial moment, the set solid spherical particles were uniformly generated in the 

vertical radial section of the horizontal pipe. The liquid phase flowed from the inlet at 

a constant velocity of 5m/s to simulate the movement process of sand and hydrate 

particles with hydrate flow until all the particles were steadily deposited or carried out 

of the pipe. The motion states of sand and hydrate particles at different times are 

shown in Fig.4 below. 

 

t=0.10s 

 

t=0.19s 

 

t=0.24s 

 

t=0.39s 

Fig.4 The movement of sand and hydrate particles at different times 

By changing the velocity of seawater in the pipeline, it can found that the movement 

of solid particles in the pipeline can be divided into two states: one is the state where 

the movement speed is faster and the particles constantly break away from the original 

uniform pellets and move towards the middle and upper part of the horizontal pipeline. 

The other is the state where the movement speed is slower and particles down to the 

bottom of the pipe but not deposited at the bottom of the pipeline.  

 

4. Results and analysis 

The motion states of each type particles were analyzed respectively. In EDEM, the 

motion data of each diameter particle was derived with an average value to further 

analyze the motion state and trend of solid particles in the horizontal pipe. 

Analysis of axial velocity in pipe 
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Firstly, the horizontal axial velocity of solid particles was analyzed and obtained by 

fitting. The obtained curve of the axial velocity of sand particles was shown in fig. 5-

1 and that of hydrate particles was shown in Fig. 5-2. 

  

Fig. 5-1 axial velocity of sand particle    Fig. 5-2 axial velocity of hydrate particles 

It is obvious that the hydrate particles in the pipe axis to faster than sand particles, 

and the different diameter of sand particles velocity in horizontal pipes is also different. 

The speed of maller diameter of sand  is faster during the first half of the movement 

in pipe, and in a horizontal pipe, the speed of larger diameter of sand particles is  faster. 

(2)Analysis of vertical radial displacement 

The vertical coordinate value of each type of particle is averaged to represent the 

radial motion position of that type. The vertical radial displacement of hydrate particles 

in horizontal pipes is shown in FIG. 6-1, and the vertical radial displacement of sand 

particles in horizontal pipes is shown in FIG. 6-2. 

  

FIG. 6-1 vertical radial displacement of hydrate      

 

FIG. 6-2 vertical radial displacement of sand 
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After adding the particles, the sand and hydrate particles began to move in a vertical 

and radial direction along with the flow of liquid in the pipe. Through comparative 

analysis, it can be seen that the time taken for sand particles with different diameters 

in the pipe flow to move from the center of the pipe to the bottom of the pipe is 

related to the diameter of solid sand particles. When the sand particles reach the 

bottom of the pipe, there will be some fluctuations in the vertical coordinates, this 

mainly because of the collision between the particles and  particles with the pipe. 

Analysis of  horizontal axial displacement 

In order to verify whether the sand particles are deposited at the bottom of the 

horizontal pipe, the axial position of the solid particles in the pipe can be analyzed. If 

the axial position of the solid particles does not change in two or more consecutive 

moments, it can be determined that the sand particles are deposited at the bottom of 

the pipe. When the horizontal axial position of solid particles is derived, the horizontal 

axial displacement diagram of hydrate particles and sand particles can be obtained. 

Fig. 7-1 shows the axial displacement of hydrate particles, and Fig. 7-2 shows the axial 

displacement of sand particles. The analysis shows that neither the sand particles nor 

hydrate particles with different diameters are deposited in the pipeline. 

     

Fig. 7-1 axial displacement of hydrate particle       

 

Fig. 7-2axial displacement of sand particles 

 

5. Conclusion 

In this paper, the forces exerted on sand hydrate particles in the pipeline are analyzed, 

and the energy conservation equation, momentum conservation equation and mass 
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conservation equation of medium fluid in the pipeline are established. And then with 

FLUENT software and EDEM software, the motion of sand particles and hydrate 

particles in the multi-phase flow mixture of seawater, hydrate particles and sand 

particles in pipe was simulated. Finally, the position and movement trend of the sand 

and NGH were simulated and analyzed through the analysis of the horizontal axial 

position and vertical radial position of the particles, we made a conclusion that the 

sand particles and hydrate particles were not deposited in the horizontal pipe. which 

was the basis for the test and analysis of sand content in further studies. 
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